Multidrug resistance-modifying components in human plasma with potential clinical significance.
P-Glycoprotein (P-gp) and multidrug resistance protein (MRP) are plasma membrane associated proteins which can confer multidrug resistance (MDR) to cancer cells by lowering the intracellular amount of drug. Although clinical trials with MDR-reverting agents have been initiated, not much attention has been paid to blood components which may modulate the activity of P-gp or MRP. The present investigation was performed to identify and characterize blood components which may influence the drug content and the drug cytotoxicity of MDR cells. Human plasma, from healthy volunteers, was tested for its effects on the daunorubicin (DNR) accumulation and cytotoxicity in the MDR cell lines SW-1573/2R160 (2R160) and GLC4/ADR containing P-gp and MRP, respectively. The data were compared to the effects observed in wild-type cells. MDR-modifying plasma components were isolated by extraction procedures and characterized using ultrafiltration, high-performance liquid chromatography (HPLC) and mass spectrometry. An increase in the proportion of plasma in the culture medium led to a reduction of the ratio between the DNR content of wild-type and corresponding MDR cells. At 100% plasma we observed an increase in the cellular DNR content of 2R160 cells, which was 10-30% (median 18%) of the maximum possible increase induced by well-known MDR-reverting agents, such as verapamil (for GLC4/ADR cells: 10-20%, median 15%). The DNR cytotoxicity in MDR cells also increased with an increasing amount of plasma included in the culture media. There was neither an increase in the cellular DNR content nor an effect on the DNR cytotoxicity in wild-type cells. Plasma extract analysis by HPLC showed a major peak which increased the DNR content of MDR cells. The HPLC column retention time of this fraction was identical to that of a standard of cortisol and it was further confirmed to be cortisol using mass spectrometry. Moreover, inclusion of a standard of cortisol in culture media induced a similar effect. We analyzed the data for one of the plasma pools and found that blood cortisol was responsible for the MDR-modulating effect only for 35% of the effect of 100% plasma. Other plasma components were responsible for the remaining modulation effect on MDR cells. In conclusion, the DNR pumping activity of P-gp and MRP is inhibited by human plasma, resulting in 10-30% of the maximum possible increase in cellular drug content. Based on cellular pharmacokinetic calculations this percentage will most likely increase at clinical levels of drug resistance (reaching 40-50%). In one sample blood cortisol accounted for 35% of the effect of plasma on the DNR content in MDR 2R160 cells. These data show the need for additional studies to test plasma samples for their MDR modulating effects before the administration of MDR-reverting agents in chemotherapy. The data suggest that the effectiveness of chemotherapeutic drugs may be enhanced when administered in accordance with the circadian peak of endogenous corticoids.